Hyperosmolality activates Akt and regulates apoptosis in renal tubular cells.
The novel serine-threonine kinase Akt is a critical enzyme in cell survival. We investigated the roles of the Akt pathway and apoptotic signals in (1) Madin-Darby canine kidney (MDCK) cells in a hyperosmotic condition in vitro and (2) in the inner medulla of dehydrated rat in vivo. The in vivo experiments were performed in 24- and 48-hour water-restricted rats. Hyperosmolality-stimulated Akt phosphorylation was examined in MDCK cells. Phosphatidylinositol 3-kinase (PI3-K) inhibitors, the dominant-negative mutant of PI3-K, the dominant-negative mutant of Akt, and the dominant-active form of Akt were used to examine the roles of the PI3-K/Akt pathways in renal tubular cell apoptosis. The amount of phosphorylated Akt protein was increased in the inner medulla of dehydrated rats. Hyperosmolality induced by the addition of NaCl, urea, and raffinose phosphorylated Akt in MDCK cells in an osmolality-dependent manner. PI3-K inhibitors and the dominant-negative mutant of PI3-K inhibited the hyperosmolality-induced phosphorylation of Akt. Raising the media osmolality from a normal level to 500 or 600 mOsm/kg H2O final osmolality elicited apoptotic changes such as nucleosomal laddering of DNA and an increment of caspase-3 activity and increased activity in the cell death enzyme-linked immunosorbent assay. Dominant-active Akt prevented the mild hyperosmolality-induced apoptosis, while inhibition of the PI3-K/Akt pathways promoted apoptosis. The Akt pathway is activated by hyperosmolality in vitro and in vivo, and activation of Akt prevents the mild hyperosmolality-induced apoptotic changes in MDCK cells. PI3-K/Akt pathways are involved in a hypertonic condition that confers the balance between cell survival and apoptosis.